The early stages of infection of Chenopodium amaranticolor leaves with two temperature-sensitive mutants of tobacco rattle virus and the wild-type strain from which they were derived were investigated by following the development of resistance of potential lesions to inactivation by u.v. light. Resistance began to increase between ~½ and 3 h after inoculation under permissive conditions (wildtype strain at 2o °C or 3o °C, mutants at 2o °C), but failed to occur with the mutants under restrictive conditions (3 ° °C). These results imply that at 30 °C the RNA of the mutants fails to replicate in the initially infected cells.
Immediately after inoculation, Chenopodium amaranticolor plants were placed in ShererGillett (Model CEL 25-7) controlled environment chambers at 2o °C or 3o °C, provided with illumination of 43oo lx for 16 h per day. At various times thereafter, inoculated leaves were detached from plants. Half of each leaf was irradiated, while the opposite control half was shielded by a sheet of glass; equal numbers of left and right half-leaves were irradiated at each time. Irradiation was for 2o s at 2o cm from a low-pressure mercury discharge lamp (Hanovia Ltd). The radiation intensity was 72o #W]cm 2, at least 95 % of which was at 254 nm (Mayo et al. ~973) . After irradiation, leaves were floated on water in trays kept in a controlled environment chamber at 2o °C. Lesions were counted 5 days after inoculation.
In a control experiment, the standard dose of u.v. radiation applied immediately after inoculation decreased lesion numbers in CAM-infected leaves to 5 % of those in control halves; when applied immediately before inoculation 69 % of the potential lesions developed. Thus only a small part of the decrease produced by post-inoculation irradiation could be attributed to effects of the irradiation on the host.
Results of typical experiments in which leaves were irradiated at various times after inoculation are shown in Fig. I (a) , where the plants were kept at 20 °C before irradiation, and Fig. I (b) , where they were kept at 3o °C. All three strains gave similarly shaped curves at ao °C, with a rapid increase in numbers of resistant potential lesions. By 24 h after inoculation, at least 8o % of potential lesions were resistant to irradiation. Many experiments suggested a lag phase lasting ~½ to 3 h before the increase began. The two mutants seemed to become resistant more slowly than CAM. This difference was substantiated by determining the 5o % suppression times, as defined by Bawden & Harrison (1955) , in experiments with samples closely spaced around this time. The values were 4"2 h for CAM, 5"4 h for N8 and 5"I h for NIo. At 30 °C, resistance of CAM lesions developed in a similar manner but more slowly than at 2o °C; the 5o % suppression time was about I½ h longer at 3o °C than at 2o °C. However, at 3o °C the two mutants showed only a very slow increase in the proportion of potential lesions resistant to irradiation. This behaviour was not materially affected by adding excess short particles to the inoculum. In Fig. 2 the total numbers of lesions in irradiated and control halves of leaves irradiated at different times from the experiment with N8 in Fig. ~ (b) are plotted separately. Results obtained with NIo were similar. This plot shows that the number of u.v. resistant potential lesions was rather constant with time. These surviving lesions may represent for example cells infected by virus aggregates. The increasing proportion of u.v. resistant lesions was due to the decreasing numbers of lesions in control halfleaves as they were kept for increasing lengths of time at 3o °C. No evidence was found that u.v. resistance developed at any time after inoculation.
In leaves kept at 3o °C between inoculation and irradiation, the difference between the mutants and CAM was observable as soon as the proportion of resistant lesions in the CAMinfected leaves began to rise after its initial lag phase, i.e. by about 4 h after inoculation. Bawden & Harrison (r955) suggested that shielding by components of the infected cells, the appearance of multiple copies of the virus RNA, and the spread of virus into mesophyll cells, all contributed to this increase in resistance to u.v. light. In the four types of infection under permissive conditions examined here, a small increase in resistance was observed at ~½ h after inoculation, and a five-to tenfold increase by 4½ h. Although the time at which TRV infection spreads into the mesophyll in this, or any other, host is unknown, it seems likely by analogy with tobacco mosaic virus in various Nicotiana species that it will not be less than 4 h, and possibly as long as 9 h after inoculation (Takahashi, ~973) . However, at least the earliest part of the increase in resistance to u.v. irradiation probably represents an event in the initially infected cells. This would be either appearance of multiple copies of the virus RNA, or development of a protected form of the parental RNA, for example in a replication complex. This event fails to occur in infection with the mutants under nonpermissive conditions. It is noteworthy that development of u.v. resistance at 2o °C occurs slightly more slowly with the mutants than with the wild-type, presumably reflecting a lower efficiency of the mutated function even under permissive conditions. Similarly, wild-type infections develop u.v. resistance more slowly at 3o °C than at 20 °C, in keeping with the decreased efficiency of lesion formation at 30 °C (Robinson, 1973 a) . Because these mutants have unchanged coat proteins (Robinson, i973b) , it is unlikely that they are defective in penetration of the host cell, or uncoating of the parental RNA. The experiments reported here indicate that under restrictive conditions the RNA fails to replicate, and suggest that the mutated functions are involved in the onset of RNA replication. This agrees with the previous conclusion (Robinson, I973b ) that the mutations exert their effects at or before RNA replication.
Some protein synthesis directed by TRV-RNA is probably necessary before RNA replication can begin, very likely with an RNA-directed RNA polymerase (replicase) and possibly other enzymes being made. The temperature-sensitive defect in Nio is hostdependent, suggesting that it involves an interaction with a host component (Robinson, 1973 b) . This is reminiscent of the situation with the small RNA bacteriophages, such as Qfl, where the enzyme responsible for virus RNA replication consists of both virus-coded and host-coded polypeptides (Kamen, I97O; Kondo, Gallerani & Weissmann, I97o ) . Thus genes coding for comparable functions seem obvious candidates for the location of the TRV mutations.
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